The golden orb-weaver spider Nephila clavipes, known for its sexual size dimorphism, is abundant and widespread in the New World. The first annotated genome of orb-weaver spiders, exploring N. clavipes, has recently been reported. The study, focused primarily on the diversity of silk specific genes, shed light into the complex evolutionary history of spiders. Furthermore, a robust transcriptome analysis provided a massive resource for N. clavipes RNA survey. Here, I present evidence of viral sequences corresponding to the first 10 extant virus species associated to N. clavipes and indeed, nephilids. The putatively new species are linked to ssRNA positive-strand viruses, such as Picornavirales, and to ssRNA negative-strand and dsRNA viruses. In addition, I detected sequence data of new strains of two recently reported arthropod viruses, which complemented and extended the corresponding sequence references. The identified viruses appear to be complete, potentially functional, and presenting the typical architecture and consistent viral domains. The intrinsic nature of the detected sequences and their absence in the recently generated genome assembly, suggest that they correspond to bona fide RNA virus sequences. The available RNA data allowed for the first time to address a tissue/organ specific analysis of virus loads/presence in spiders, suggesting a complex spatial and differential distribution of the tentative viruses, encompassing the spider brain and also silk and venom glands. Until recently, the virus landscape associated to spiders remained elusive. The discovered viruses described here provide only a fragmented glimpse of the potential magnitude of the Aranea virosphere. Future studies should focus not only on complementing and expanding these findings, but also on addressing the potential ecological role of these viruses, which might influence the biology of these outstanding arthropod species.
. N. clavipes generates a battery of silks derived from seven types of araneoid 60 silk glands. This extensively studied species is considered the "ubiquitous workhorse of silk spider 61 research" (Vollrath, 2000; Kaplan et al., 1993) . Despite the importance of this orb-weaver spider, the 62 molecular characterization of its genetic repertoire was lacking in the literature. Babb et al (2017)  63 recently reported a sequencing tour de force that generated the first annotated genome of N. clavipes. 64
Besides generating a genome assembly of 2.8 GB, the authors explored the RNA component of N. 65 clavipes by multiple RNA-seq data from 16 different tissue/organ/individual isolates (whole body, 66 brain, and silk and venom glands) collected from four female individuals. These 1.53 × 10 9 reads 67 corresponding to an assembly of 1.5 million transcripts, which represent the most extensive deposited 68 RNA assembled data of any organism at the NCBI TSA database, were used as input for the objective 69 of this study: The first identification and characterization of potential RNA viruses associated to N. 70 clavipes. 71
Materials and Methods 72
In order to identify putative RNA virus associated with N. clavipes, the RNA data from Babb 73 et al (2017) were integrated into de novo assembled transcriptomes generated for each isolate using 74 strand-specific, ribosomal RNA (rRNA)-depleted, 100-bp paired-end reads. In sum, a total of 75 https://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml and integrated with SMART http://smart.embl-92 heidelberg. de ORFs products were predicted by the annotated data and similarity with known viral proteins. Virus 105 RNA levels were calculated with Cufflinks http://cole-trapnell-lab.github.io/cufflinks/ or alternatively 106 with the Geneious suite 8.1.9 (Biomatters inc.) as Fragments Per Kilobase of virus transcript per 107
Million mapped reads (FPKM) based on million non-rRNA host transcriptome reads that map to the 108 host genome assembly NepCla1.0. These normalized values avoid potential inconsistencies associated 109 to the success of rRNA capture (RNA depleted libraries), the presence of other viruses and the diluting 110 effects of variable non-host levels of reads. Tentative virus detections were contrasted on the N. 111 clavipes NepCla1.0 genome assembly (NCBI accession no. GCA_002102615.1, 2.4Gb) by BLASTN 112 substitutions per site were based on 1,000 tree resamples. Most sequence analyses results were 124 integrated into the Geneious suite 8. (Shi et al., 2016) . 144
Thus, the specific host of WSV2 remains to be determined, even at the family level, which could 145 contribute to the understanding of the evolutionary history of these viruses and their hosts. 146
Nephila clavipes picorna-like virus 2 (NcPV2) shares the proposed Picorna-Calici ssRNA(+) super 147 clade with NcV1, but presents a different genome organization and domain architecture ( Figure 1 .A, 148
Supp. Table 2 ). NcPV2 presents an 11,699 nt RNA genome enclosing 4 putative ORFs. ORF1 (722-149 7,226 nt coordinates) encodes a putative RP of 274 kDa and 2,412 aa long. NcPV2 ORF2 (7,948-150 9,747 nt) encodes a putative 67.3 kDa coat protein, 599 aa long. ORF3 (9,792-10,562 nt) encodes a 151 27.7 kDa, 256 aa long protein similar to the hypothetical protein 3 of Hubei picorna-like virus 76 (E-152 value = 8e-14, 38% identity) and of Wuhan spider virus 6 (WSV6; E-value = 8e-14, 38% identity), 153 I n r e v i e w both of unknown function. ORF 4 (10,702-11,457 nt) encodes a 29.7 kDa, 251 aa long protein, with a 154 central coiled-coil region, and of unknown function. Although it is evident that NcPV1 and NcPV2 155 share several conserved domains, probably suggesting a common origin, their divergent spatial 156 arrangement and their low sequence identity might be interpreted as an separation followed by 157 recombination and reorganization of the putative proteins on the respective viruses. NcPV2 is similar 158 to WSV6 (Pairwise Identity: 51.7% at the RNA level, and 28.5% at the predicted replicase protein). 159 WSV6 was also recently identified from a pooled sample library of individuals of diverse spiders, and 160 has been provisionally assigned to a Picorna-calici superclade. Its specific host spider remains 161 unidentified. 162
An additional picorna-like virus could be associated to N. clavipes. NcPV3 is predicted to have a 9,141 163 nt long genome, presenting a single ORF between coordinates 680-8,914, encoding a putative 312.010 164 kDa and 2,744 aa long polyprotein presenting several Picornavirales associated domains ( Figure 1 
.A; 165
Supp. Table 3 ). The domain architecture of NcPV3 is equivalent to that of NcPV1, however their 166 polyprotein similarity is low (20.6 % at the aa level), strongly suggesting that they are separate species. . VP8 is proposed to be the major virion protein of outer layer 310 10 dsRNA genome segments ranging between 1,096 and 3,837 nt long, generating a total genome 313 length of ca. 23.6 kbps. Given the significantly low levels of NcRV2 vRNA in the N. clavipes libraries, 314 genome segments were reconstructed by iterative mapping of reads to partial transcripts, resulting in a 315 low coverage of the genome segments (ranging from only 12X to 20X). Segments 1 to 9 of NcRV2 316 segment presented a single ORF encoding a set of proteins which shares significant similarity (30% to 317 74% at the aa level) with the cognate proteins of Bloomfield virus, a proposed Reovirus, yet 318 unclassified, described recently to be derived from a pooled sample of diverse wild caught Drosophila 319 sp. flies (Webster et al, 2015) . Additionally, segment 10 739 aa gene product shares similarity (E-value 320 = 6.00e-37, id 29%) with the hypothetical protein encoded in RNA 3 of Hov14. Structural and 321 homology based annotation rendered only a few signatures that could envision the functions of the 322 divergent gene products of NcRV2. Homology detection and structure prediction with the HMM tool 323
HHPred suggest that the gene products of RNA 2 and RNA 3 could have a structural function and that 324 RNA 6 might be involved in methylation. Future studies could expand the current limited sequences 325 reference set associated to these cluster of viruses, which might lead, in turn, to the eventual 326 identification of highly divergent potential virus segments that should not be ruled out this soon, based 327 on absence of evidence. RPs based phylogenetic trees hint that NcRV viruses form two divergent 328 clusters within the Reoviridae, supporting their potential assignment to two new clades of invertebrate 329 reo-like viruses (Figure 4 Reoviridae. Furthermore, NcRV2 is more closely related to another phylogroup of unclassified 332 invertebrate viruses, linked to the Fijivirus genus of insect vectored, plant infecting Reoviridae. These 333 incipient clusters of unclassified invertebrate viruses expand the diversity and evolutionary complexity 334 within the Reoviridae family. 335
Nephila clavipes Astroviridae-like virus 336
A highly divergent tentative virus transcript was identified in the N. clavipes RNA libraries. 337
After further analysis involving genome architecture, gene product similarities with reported species, 338 and phylogenetic insights based on a putative RdRP, I concluded that the sequence corresponded to a 339 new species distantly related to the Astroviridae family, sharing some affinities also with the 340
Alphatetraviridae family of viruses. Astroviridae were firstly described as electron microscopy stranded RNA viruses (Monroe et al, 1993) . Their monosegmented genome presents two partially 344 overlapping ORFs that encode a protease and an RdRP (ORF1a-b) followed by a capsid precursor 345 encoding ORF (ORF2) which is expressed as a subgenomic RNA (King et al, 2011). The Nephila 346 clavipes astro-like virus (NcAV) presents a monopartite ssRNA(+) 7,569 nt long genome. NcAV 347 presents two partially overlapping ORFs (ORF1a-b) followed by ORF2. Based on sequence analyses, 348
ORF1a-b appear to encode a fusion protein of 1,756 aa generated by -1 ribosomal frameshifting (RF) 349 ( Figure 5.A) . Astroviridae -1 RF is induced by a heptanucleotide "slippery sequence" of the form 350 A_AAA_AAC, followed downstream by a RNA H-type pseudoknot structural element. The ribosome 351 is stalled on the slippery sequence by the pseudoknot structure in 3'. In some cases, the ribosome would 352 backtrack one nt, generating one mismatch between the cognate tRNA and the vmRNA. Figure 6 .D, G). It is important to highlight that the RNA virus estimated loads differed significantly 426 among samples. For instance, NcPV1 levels were relatively high among most tissue samples but not 427 on brain samples. On the contrary, NcRV1 levels were relatively low among samples, but strikingly 428 spiked specifically on brain tissues, as is the case for NcPV2 on the Nep-8 sample. In general, as a 429 whole, the presence of virus RNA was significantly accumulated in additional magnitude at the brain 430 tissue, ascending in one sample to a striking ca. 6.1 % of total detected RNA reads ( Figure 6.D, E) . 431
The biological significance of this finding, though interesting, remains unclear. It is tempting to 432 associate over accumulation of virus RNA levels in the brain with accumulation in venom glands is unclear. It would be interesting to explore if there could be some 471 association with virus presence and predatory behavior or outcome. In addition, when whole spiders 472 were sampled, the detected viruses were found to be at lower RNA levels than in the specific 473 I n r e v i e w that the whole body libraries derive from different sampled individuals than the tissue libraries, I 475 cautiously speculate that perhaps these specific sampled tissues are enriched on RNA virus loads. More 476 complex distribution/presence absence patterns are available in Supp. Figure 21 and Supp. Table 11 . 477
4
Conclusions 478
Regardless of sample size, and the limited number of detected viruses, it is interesting to 479 highlight that most detected sequences corresponded to new unreported virus species. Spiders could be 480 an important reservoir of viral genetic diversity that ought to be assessed. Widespread consistent RNA 481 accumulation of diverse putative viruses on independent profiled samples, sequence structure and 482 domain architecture, supports the assumption that the identified sequences correspond to bona fide 483 viruses. It is not easy to speculate about the biological significance of the presence, accumulation, and 484 distribution of these potential viruses in the context of limited literature. The brain enrichment of RNA 485 virus loads appears not to be incidental, and could be associated to a potential effect on the spider host. 486
The accumulation of viral RNA on silk and venom glands may have some evolutionary relation with 487 virus horizontal transfer. Future studies should focus not only on complementing and expanding these 488 findings, but also on addressing the potential ecological role of these viruses, which might influence 489 the biology of these outstanding arthropod species. 
